Abstract: Regional competition may play an important role in the balance of environmental protection and economic growth. However, it is a pending issue of whether the competition among Chinese local governments leads to a race to black development or green development. This paper aims to explore the strategic interactions in provincial development in terms of an environment-economic indicator, i.e., the pollution intensity in China from 2000 to 2013. We divide four predominant industrial pollutants into two groups according to whether the pollutant is regulated, and then test the strategic interactions among regions based on the spatial lag term by employing the spatial Durbin model. The results show that the heterogeneous factors, such as various pollutants and regional difference, may give rise to diversified competition strategies. We find that the "race to black development" hypothesis is not supported at the national level, and the "race to green development" hypothesis is established in the developed eastern regions only in terms of the regulated industrial pollutants. We also detect how pollution intensity is influenced by the direct and spatial spillover effects of environmental regulation and find that environmental legislation has been effective in reducing regulated pollutants' pollution intensity, while the effects of environmental staff and investment are weak. Finally, some policy suggestions are discussed.
Introduction
China, the largest developing country in the world, is confronted with a dilemma of economic growth and environmental protection right now [1] . China has achieved important economic development for more than 30 years (since the 1980s), with an annual economic growth rate of approximately 10%. However, its annual GDP (gross domestic product) growth decreased to nearly 7% in 2015 with the background of the global economic recession, which indicates the enormous pressure to maintain China's rapid economic growth. The pressure of environmental protection is also great for China, which has been among the top of all countries in terms of the scale of pollutant emission and has been struggling with increasingly severe environmental pollution problems, such as heavy haze, in recent years. Lowering the environmental costs of economic growth for achieving balance between environmental protection and economic growth is an urgent and crucial issue.
Interprovincial competition is believed to be one of the most essential driving forces for China's economic growth, as proposed by Li and Zhou [2] , based on the promotion tournament model. However, on the other hand, the competition among provinces may lead to a serious pollution problem and high environment costs in the early developmental stage [3] . Pollution abatement in China is dominated by provincial-level implementation with enforcement standards created by the central government. If the development of a region and the assessment for provincial officials are economically oriented, local governments may ease environmental regulation stringency to attract more investment for economic growth in the competition, i.e., developing in a "dirty" or "black" way. Fortunately, the Chinese central government has realized the importance of green development and proposed a scientific development concept for regional development in 2003, gradually replacing the economically oriented assessment system for local officials with an environment-economic-oriented one; this change may reverse the direction of regional competition. The environment-economic-oriented assessment system may induce the subnational regions to compete for economic growth with lower environmental costs and thus develop in a greener way, as indicated by some studies [4, 5] .
However, China is a country with many heterogeneous provinces, so the results of competition in different areas may depend on the regional development level. Moreover, there are many kinds of heterogeneous pollutants that are regulated with different degrees of stringency. The local governments may treat them differently and only compete in the abatement of the regulated pollutants, which implies a selective competition mechanism (see the explanation in Subsection 2.2). Using provincial panel data since 2000 and an environment-economic indicator, i.e., pollution intensity, this paper examines the relationship between regional competition and environmental costs of economic growth with consideration of the heterogeneous factors in China, as well as the effects of environmental regulation. Based on the test procedures, we choose the spatial Durbin model and explore the direct effects and spatial spillover effects of related variables. This paper contributes to the literature in three ways. First, we study regional competition in a comprehensive way which simultaneously includes economic and environmental regulatory competition. By incorporating these two kinds of competition, the research may provide comprehensive and meaningful implications aimed at alleviating the conflict of economic growth and environmental protection in China. By extending the "race to the bottom" (RTB) and "race to the top" (RTT) theories about environmental regulation, we propose that regional governments may engage in a race to black development (RBD) or a race to green development (RGD). Therefore, we investigate the situation in China empirically in terms of variation of pollution intensity. Second, we find that the heterogeneous factors, such as various pollutants and regional difference, may lead to diverse results. We differentiate four industrial pollutants into two groups. The Chinese central government set up obligatory emission reduction targets only for the first group, which contains two kinds of pollutants, i.e., SO 2 (sulfur dioxide) and COD (chemical oxygen demand), but did not establish obligatory targets for the others (waste water and waste gas). Thus, the local regulators and firms treat these pollutants differently, which leads to different environmental costs of economic growth and different results for regional competition. The empirical results are also different when we separate the samples into developed regions and developing ones. In the end, we find that the effectiveness of environmental regulation on the pollution intensity is also related to these heterogeneous factors. We identify regulation intensity variables from the perspectives of environmental legislation, staff and capital investment and then find some surprising results associated with the regulation status of the pollutants. Our research may help to better understand whether interactions between regions lead to RBD or RGD when considering regional and pollutant heterogeneities and provide insight into how environmental regulation could be fully explored to reduce pollution.
The remainder of this paper is organized as follows: In Section 2, we propose the theories of "RBD" and "RGD" about regional competition, then adding the heterogeneous factors of China into the theoretical analysis to get the hypotheses to be verified in this study. Section 3 describes the empirical methodology and data. Section 4 reports empirical results, including changes in provincial environmental costs and regulation intensity, the estimated spatial econometric models and a comparison of the eastern and western areas. In Section 5, we offer some conclusions and policy implications.
Theoretical Background

From RTB (RTT) to RBD (RGD)
The extant literature has proven that regional governments interact with each other in both developed and developing countries . The policies and behavior of a local government are correlated with those of neighboring or benchmark jurisdictions, while interactions often take the form of competition in economic growth, environmental regulation, etc. Many empirical studies on the economic competition among governments have been presented [6] [7] [8] [9] . Specifically in China, economic competition among provinces has been embedded in a centralized political system, and the role of political incentives for regional government officials has been emphasized in promoting local economic growth [2] . Evidence of Chinese provincial interaction can also be seen in other studies [10] [11] [12] [13] .
On the other hand, the environmental regulatory competition in local governments has been a fixture of studies for the past 20 years. At least four alternative theories have been proposed. Among them, the "race to the bottom" (RTB) theory suggests that local governments have incentives to ease environmental regulation to influence economic voting [14] or to meet business-oriented interest groups' demands [15] . However, the "race to the top" (RTT) theory argues that some regions may strive to reject those pollution-intensive industries by generating more stringent environmental standards [16] because some state-elected officials may view environmental protection as a more important factor in gaining the support of environmentally minded voters [17] . The third theory, proposed by Konisky [18, 19] , argues that neither RTB nor RTT entirely accounts for the complexity of governments' environmental regulatory behavior: Some states may race to the bottom, while others may race to the top in environmental regulatory competition. The above three theories assume the existence of environmental regulatory competition, whereas the fourth theory maintains that regulatory decisions are based solely on intrastate factors, namely local regulators not acting strategically [20] . The related empirical results are mixed so far. Using the US states as samples, Woods [21] provided empirical evidence for RTB, but Fredriksson and Milliment [22] and Konisky [18] did not find enough proof to support RTB. Li and Shen [23] and Yang et al. [3] showed evidence of RTB in China, while the RTT argument was also supported by some studies [4, 5] .
We realized that the extant studies about intergovernmental competition focus only on economic or environmental aspects. However, the environmental regulatory competition is strongly interrelated with economic competition. Relaxing environmental regulation is often stimulated by economic competition and is a potential instrument in regional economic competition in some cases [18] . In addition, environmental regulatory competition would influence the regional economic development as well. Nevertheless, economic growth is always a crucial subject for local governments, even if they execute stringent environmental regulation. Given the importance of balancing economic growth and environmental protection, providing comprehensive and meaningful implications appears to be imperative. Unfortunately, there have been few studies explicitly and simultaneously analyzing the economic and environmental regulatory competition among local governments via some ingenious devices.
A quick overview of developmental patterns may provide us new ideas for further research. With the increasing concern about global warming and environmental pollution, "green development" has become a new consensus around the world, which means lowering the environmental costs of economic development and maintaining balance between economic development and ecological environment [24] . In contrast, "black development", which has been conducted by many countries during industrialization, indicates that economic growth occurs with high environmental costs and huge resource consumption [25] . To achieve sustainable development, governments should transform the pattern of economic growth from black to green to realize a win-win solution for economic development and environmental protection [26] . Therefore, it is extremely necessary to investigate the economic and environmental regulatory competition among governments in a common framework, as environmental regulatory competition always appears to be the method for economic competition. Noting that both the RTB and RTT theories proposed by previous related literature emphasize competition only from the perspective of environmental regulation, we suggest extending the above theories into the "race to black development" (RBD) and "race to green development" (RGD) hypotheses, which combine economic and environmental factors in the research on intergovernmental competition. Further empirical research based on it may provide more comprehensive and fruitful results.
The RBD hypothesis suggests that interregional competition may give rise to increasingly higher environmental costs of economic development, which would imply a pattern of unsustainable ("black") development. The negative externality of environmental pollution provides governments the chance to gain economic growth while sharing transboundary pollution with their neighbors. Local governments may weaken environmental regulation stringency and try to attract or maintain "dirty" industries [18] . As a result, the environmental costs of economic growth will increase as time passes and be positively correlated with other competitive regions. In contrast, the RGD hypothesis suggests that environmental costs of economic development are lowered steadily under the influence of interregional competition, which would imply a pattern of sustainable ("green") development. Since regional regulators may endeavor to improve environmental performance to gain political promotion or votes [17, 18] , the corresponding competition among regions may cause more stringent environmental regulation, which will lead to development in a greener way. Consequently, environmental costs of economic development will decrease.
An interesting and important question is how the regional competition influences the environmental costs of economic growth and the developmental pattern in practice, i.e., whether the RBD or RGD hypothesis can be supported by empirical tests. If either of them is confirmed, the related results will provide meaningful implications for the balance of economic growth and environmental protection. Specifically in China, pollution abatement is a combination of centralized standard-setting and provincial-level implementation. According to the promotion tournament model [27] , China's local officials are engaged in competition for economic growth. In addition, the local environmental agencies are dominated by local governments. To ensure economic growth, reducing environmental protection efforts may be the choice for some local governments. Therefore, in the economic-oriented developmental stage, the regional competition may result in higher environmental costs and push regions toward black development as the RBD hypothesis suggests, while in the environment-economic-oriented developmental stage, local officials would engage in a race to lower the environmental costs of economic growth because their political promotion relies on the assessment of regional environment-economic performance. In this case, the inter-regional competition may lead to RGD, which is beneficial for the balance of economic growth and environmental protection. However, the RBD and RGD hypotheses are not fully explored in the existing literature.
Heterogeneous Factors and Hypotheses to Be Verified
When environmental regulation is dominated by local governments, relaxing environmental standards to absorb or maintain environmentally sensitive investment may be an applicable strategy due to the externality of transboundary pollution [21] . This may lead to the RBD generally if related governments behave in similar ways. However, heterogeneous factors may result in diverse regional competitive strategies, which would undermine the RBD or RGD hypothesis and give rise to diversified results. This paper focuses on two heterogeneous factors in China: regional difference and divergence of pollutants.
Beginning with regional difference, we presume that the RBD may occur in undeveloped regions, which are engaged in economic growth and do not have enough choices available for economic competition. Because the environmental pressure could be relatively low in the undeveloped regions, those local governments may tradeoff environmental protection for economic development and relax environmental standards, with the thought of treating after polluting. However, the developed regions have advantages in technological innovation, human capital, industrial agglomeration and market systems, which may offer them a number of competitive strategies. When facing environmental problems and economic competition, they may turn to alternative strategies, such as technological or capital incentive, instead of easing environmental protection efforts. To gain the support of environmentally sensitive voters or promotion from the central government, local officials in developed areas may even strengthen regulation, which may lead to the RGB. In sum, the logic of RBD or RGD relies on a homogeneous hypothesis.
Specifically in China, a large country with many heterogeneous provinces, neither the RBD nor the RGD might occur readily at the national level. As stated by Song et al. [28] , the difference in geographical locations of distinct provinces might increase the disparity of abilities for economic development, which further affects their environmental performance and efficiency. For example, the average GDP per capita of the Chinese eastern area (including 11 provincial-level regions) was approximately 3 (1.8) times as big as that of the western area (including 10 provincial-level regions) in 2000 (2013) , and the average emission of industrial waste gas of the former was nearly 2(1.6) times as much as that of the latter in 2000 (2013) . Provincial governments in the western regions may lower their environmental standards to absorb more investment because they lack enough capital and technology, whereas provincial governments in the eastern regions may diversify approaches to stimulating their economies because the strategy of relaxing environmental regulation is neither a unique nor a common choice. Therefore, it is difficult to prove the existence of the RBD at the national level. When environmental performance becomes one of the assessment indicators of local officials, governments may put more resources into pollutant abatement, which may cause the phenomenon known as the "California effect" [29] , in which regulators tend to adopt the most stringent environmental standards and facilitate the regions to develop in a greener way. In a word, we propose the hypothesis that it is possible to find evidence of the RBD occurring in the undeveloped areas, while the RGD might occur in the developed areas in China.
Another heterogeneous factor is the divergence of regulation on the pollutants. Pollutants such as SO 2 , COD and waste gas have different environmental regulation intensities. Because SO 2 and COD are under the stringent regulation of the central government, regional governments may pay more attention to controlling the pollution of related industries and firms. Then, the inter-regional competition may lead to lower environmental costs computed with the regulated pollutants, and provide evidence to support the RGD hypothesis. While other unregulated pollutants might receive scant attention from local governments, the RBD may be established when the environmental costs are calculated with the unregulated pollutants, because the local governments may select different competitive manners in terms of the regulation stringency of pollutants. We summarize it into the "selective competition mechanism", which indicates that the RBG and RGD are likely to be conditionally supported.
Regulation heterogeneity of pollutants has existed in China. China set incentive emission reduction targets of SO 2 (´10%) and COD (´10%) for the period of 2001-2005; however, the total emissions of industrial waste water and waste gas are not regulated [30] . Specifically, the obligatory emission reduction targets of SO 2 and COD were set for´10% during 2006-2010 [31] . As a result, we find that the emission volume of industrial waste gas increased approximately 380%, while the emission volume of SO 2 merely increased approximately 15% from 2000 to 2013. When considering the above heterogeneity, this paper infers that the establishment of RBD or RGD in China is associated with whether or not the pollutants (which are used to compute the environmental costs) are under the supervision of the central government. We examine the previously mentioned hypotheses in terms of pollution intensity, which is a simple and clear indicator used by previous studies [4] .
Methodology, Variables and Data
Econometric Methodology
To test the interaction of regions empirically, previous studies such as Fredriksson and Millimet [22] , Konisky [18] and Li et al. [5] focused on the spatial autoregressive coefficient ρ in Equation (1):
where y it is the dependent variable such as pollution intensity; a is the constant term; ρ is the spatial autoregressive coefficient and the absolute value of it is smaller than unity, i.e., |ρ| ă 1. A nonzero coefficient, i.e., significant ρ, implies that a province's competitive strategy depends on the status of other provinces' strategies [18, 22] . Specifically, a positive and significant ρ indicates similar strategies in the regional competition (RBD/RGD), while a negative or an insignificant positive ρ indicates diverse competitive strategies. w ij denotes the weight describing the strategic interaction between the regions i and j; β is the coefficient vector of independent variables; s i is regional fixed effects; and u t is time fixed effects. X it refers to independent variables and ε it is the error term.
To obtain consistent and accurate estimation, some issues should be addressed here. The first is the endogeneity of ř N j"1,i‰j w ij y jt in Equation (1) . If the dependent variable (y) in region i is a function of y in region j, then y in region j should also be a function of y in region i [18] . OLS (ordinary least squares) estimates will be biased because of the above simultaneity problem. To address this issue, the instrumental variable approach is used by Konisky [18] . However, Zhang et al. [4] argued that it is very hard to find the proper instrumental variables, and the estimation results rely heavily on the choice of instrumental variables. Noting that the instrumental variable approach may lead to inaccurate estimation of ρ, they suggested the application of the spatial econometric method proposed by Anseilin [32] and used the maximum likelihood estimation to settle this endogeneity issue. Following LeSage and Pace [33, 34] and Zhang et al. [4] , this paper employs the ML (maximum likelihood) approach to estimate the spatial econometric model. It is worth noting that the ML estimation method requires an assumption about the normal distribution of the error term. If it is not satisfied, the estimated coefficients are still consistent in the ML estimation, whereas the estimated standard errors of coefficients may be biased. In such a case, the Quasi ML method should be applied to provide consistent and unbiased estimates. The Quasi ML and ML provide the same estimated coefficients, while their estimation of standard errors is different.
The second issue is spatial spillover effects of independent variables. The dependent variable may be influenced by the independent variables (X) of adjacent regions, which implies the spatial spillover effects and spatial Durbin model should be considered [33] . In the interaction models, the spatial weighted lag term of X should not be neglected, and the application of it may help to alleviate the auto-correlation of the error term [4] . This paper adds the spatial weighted lag term of X, i.e.,θ ř N j"1,i‰j w ij X jt , to Equation (1) in the empirical study as follows:
where θ represents a parameter to be estimated. This paper uses a spatial adjacent matrix, i.e., w ij , if two provinces share a common border and zero otherwise. The spatial weights matrix W should be row-standardized, i.e., row-stochastic, and the row-sums of W equal unity. The spatial and time-specific effects can be treated as fixed or random effects, which should be selected by the Hausman test. A spatial econometric model may provide a better estimation of the regulatory competition. However, there are several kinds of spatial models, such as the autoregressive model (SAR), the spatial error model (SEM) and the spatial Durbin model (SDM). SAR contains endogenous interaction effects (see Equation (1)), which are often used in the studies of regulatory competition [18, 22] , while the SEM contains interaction effects among the error terms. Both SAR and SEM do not include the weighted lag term of X mentioned above, while the SDM (see Equation (2)) does. Zhang et al. [4] used SDM to identify the interaction of Chinese provinces. A reasonable way to choose the proper model is based on econometric tests instead of subjective analyses. We select the proper panel model on the basis of the test procedures proposed by Elhorst [35] and find that SDM is the proper one (see the introduction of the specification test in Appendix). Another endogeneity is related to the simultaneity of regulation intensity variables and the pollution intensity, which could be influenced by each other. To address this endogeneity, we take lags of regulation intensity variables, following the existing literature [36, 37] . This method provides two advantages: (1) helping to ease the endogeneity to some extent and (2) considering the time-lag effects of environmental and economic policies.
The last issue is the choice of weights matrix. Some literature [38, 39] used Bayesian MCMC (Markov chain Monte Carlo) methods to make the results more robust with respect to the choice of the weights matrix. Recently, LeSage and Pace [34] raised doubt about the view that estimates of spatial regression models are sensitive to the spatial weights, and pointed out that the view is of little theoretical basis. Following previous studies on the regional interaction [4, 22] , this paper uses the row-standardized spatial adjacent matrix for two reasons. The first one relies on the fact that regulatory competition originates from the externality of transboundary pollution, which is relatively obvious among adjacent regions. The second reason is that a region may be more inclined to compare itself with its neighbors than those not bordering it, which leads to competitive relationships between one region and its neighbors. The above analysis indicates an adjacent competition mechanism, which is an important theoretical basis of regional competition. We also use an inverse distance weights matrix in the robustness test and then get similar results.
Variables and Data
Dependent Variable and Strategic Interaction of Local Governments
To test the existence of strategic interactions between local governments, an intuitive method is to observe governments' behavior directly and use it as the dependent variable. For example, inspections and punitive actions [18] , pollution abatement and control expenditures [22] have been regarded as proxy measures of environmental regulation. However, this direct approach is not reliable in this empirical study for two reasons: (1) the lack of data about environmental enforcement such as the annual number of inspections in China; and (2) the different measures implemented by different governments to relax environmental regulation for the sake of stimulating their economies. A local government may lower the frequency of inspection for pollution-intensive firms, while its neighbors may use other methods such as reducing the punishment stringency; therefore, the behavior and reactions of local governments will be diversified and asymmetric.
An alternative way is to observe the results of the governments' behavior, i.e., the environmental and economic performance linked with their competition, such as the ratio of industrial added value over pollutant emission [4, 40] , and input-output efficiency [5] . If a region stimulates its economic growth by relaxing the environmental regulation, the emission volume of pollutants will increase at the same time. Assuming that the technological level and other determinants are constant, the pollutant emission may grow faster than the economic output when the region lowers the environmental standards to absorb "dirty" industries in the economic competition, which implies the increasing environmental costs of economic growth. If the neighboring regions adopt similar strategies and develop in a black way, their environmental costs will be elevated together and show positive correlations with each other. However, if the regions race to green development, the competition among them will lead to lower environmental costs. Following the above logic, we test the strategic interactions of local governments by focusing on the results of competitive behavior. Consistent with previous studies [4, [40] [41] [42] [43] , we use the ratio of pollutant emission volume over economic output, i.e., pollution intensity (PI), as the dependent variable (after a natural log transformation), which describes the environmental costs of per capita economic output as well as the coordination degree of the economy and environment. Note that a smaller PI is better.
As mentioned in Subsection 2.2, the empirical results may be diversified due to the heterogeneity of pollutant abatement. This paper observes two regulated industrial pollutants, SO 2 and COD, as well as two unregulated industrial pollutants, waste gas and waste water. Therefore, the PIs in this study include SO 2 _GDP, COD_GDP, Water_GDP and Gas_GDP.
Independent Variables
Generally, measures of economic output, such as GDP, are functions of capital (K), labor (L) and other factors. Holdren and Ehrlich [44] suggested that the main determinants of environmental impact include the population, affluence and technology. According to Grossman and Krueger [45] and He [46] , the pollutant emission is a function of the scale effect (SE), the technique effect (TE) and the composition effect (CE). The scale effect in China is paramount because achieving high economic growth has been the main political promotion criterion for local officials. The technique effect reflects the efforts from techniques that are likely to decrease the pollution intensity [46] . In addition, the composition effect denotes the association of a region's environmental performance and its industrial structure as well as other kinds of composition factors at a given production scale. Note that systematic factors such as environmental regulation (ER) are also important determinants of PI. Combining them, we have:
where φ refers to other determinants. Note that K and L can be included in Equation (3) (see additional explanation in Appendix). A key point of this paper is to explore the relationship between environmental regulation (ER) and PI. We determine the main independent variables from each of the three programs in accordance with data availability and the previous literature. (1) According to Mu et al. [47] , the legislation may be the legal systematic improvement to balance economic and environmental interest for gaining sustainable development. The number of local environmental bylaws and rules (Sum_rule) is a proxy for the developmental level of environmental legislation by a provincial unit. (2) The number of staff in the environmental protection departments per industrial firm above the designated size (Regulator_perfirm) represents the input on the human resources for environmental protection by a provincial unit. (3) The investment in the treatment of industrial pollution per capita industrial output measures the expenditure on the abatement by a provincial unit (Inves_output). As we explained in Section 2, a one-year lag of the above variables is used, considering the time-lag effects of environmental regulation. Moreover, the Pearson correlation test shows that the three variables are weakly correlated (see Appendix), so their multicollinearity should not be an issue.
Specifically, we consider the following control variables. (1) To proxy for informal environmental regulation, we employ the share of people with college degrees or above in the population (S_college), consistent with Yuan and Xie [48] . They noted that highly educated people may be more concerned with environmental protection and then exert more pressure on the government. (2) L is a measure of the scale effect, which is greatly correlated with the population. (3) Following Wang and Chen [49] , we also measure the scale effect of economic activity by the GDP per square kilometer (GDPSK). (4) Many kinds of pollutants are generated during the process of consuming energy, and the energy intensity (energy consumption per capita GDP, Engery_GDP) represents the technical level of energy utilization [50] , which is a proxy measure of the technique effect as well. (5) The industry structure will influence the environmental costs, especially for heavy industry which contributes considerably to the GDP while emitting lots of pollutants. We employ the share of heavy industrial output in the total industrial output (S_HI) to denote the composition effect. (6) The state-owned enterprises (SOEs) also play very important roles in China [51] , which produced approximately 47% of the gross industrial output value from 2000 to 2013. Because the property right structure of these enterprises may influence environmental performance, we use the share of industrial output generated by SOEs (S_SOE) as a measure of the composition effect. (7) K_L is the capital-labor ratio representing both capital intensity and endowment structure. Previous studies have found a clear positive correlation between K_L and environmental performance [52, 53] . (8) Moreover, we employ the energy composition, i.e., the share of coal in the regional energy consumption (S_coal), to control its potential impacts on the environment because the extensive exploitation of coal, the largest energy source in China at present, has caused serious environmental pollution problems [54] . (9) Lastly, the ratio of total export-import volumes to GDP (Open) is used to measure the influence of regional openness on the local environment according to previous studies [55, 56] . We anticipate that a higher degree of openness may cause better environmental performance by facilitating the regional technological innovation. Following some literature [10, 13] , we use the natural log transformation for most variables during the empirical analysis, except those ratio indicators such as S_coal, S_SOE and S_HI, etc.
Samples and Data Source
Our samples consist of a panel of 30 provincial regions covering the period of 2000-2013. These 30 provinces are divided into three groups. The eastern provinces include Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan. The western ones include Inner Mongolia, Qinghai, Ningxia, Shaanxi, Sichuan, Chongqing, Guizhou, Yunnan, Guangxi, Gansu and Xinjiang. The central ones include Jilin, Heilongjiang, Shanxi, Henan, Anhui, Jiangxi, Hubei and Hunan. The firms referred to in our study are only those industrial enterprises above the designated size (the annual sales are not less than 5 million yuan before 2010, and not less than 20 million yuan since 2011. Tibet, Hong Kong, Macau and Taiwan are excluded due to data constraints. We collect the data from a number of official sources, including a few Chinese national yearbooks [57] [58] [59] [60] [61] and statistical yearbooks of each province. Table A1 in Appendix describes the data sources of each variable in detail, and all acronyms of variables are defined in the above paragraphs. Table 1 reports the descriptive statistics for all variables. 
Empirical Results
In this section, we report the results of the provincial interactive behavior, namely the environmental costs of economic growth, as well as the estimated econometric models. We also compare the cases of the eastern and western areas to examine the hypotheses proposed in Subsection 2.2.
PI and Environmental Regulation
To make it easy to compare, we set the pollution emission scale in 2000 equivalent to the value of 100 and calculate the emission index of each industrial pollutant from 2000 to 2013 in China, which shows that there exists large difference in the variation of the emissions of the four industrial pollutants during this period. Figure 1a shows that the emission index of a kind of regulated pollutant (COD) was reduced substantially to approximately 50 in 2013. However, the emission index of SO 2 increased quickly to approximately 140 before 2006 and then was reduced gradually to 110 in 2013. The emission change of waste water is similar to that of SO 2 . The emission volume of waste gas has continued increasing since 2000, and it grew faster than the GDP (see Figure 1b) . The fast-growing emission of waste gas and its emission accumulation may be the main source of air pollution, which helps to explain why many cities in China have experienced severe haze in recent years. Although much progress has been achieved in the emission abatement of COD, the emissions of unregulated pollutants such as waste gas are still rising, which should be paid more attention. All of these findings indicate that the severity of different pollutants covers a wide range, and then the empirical results based on them may be different. pollutants during this period. Figure 1a shows that the emission index of a kind of regulated pollutant (COD) was reduced substantially to approximately 50 in 2013. However, the emission index of SO2 increased quickly to approximately 140 before 2006 and then was reduced gradually to 110 in 2013. The emission change of waste water is similar to that of SO2. The emission volume of waste gas has continued increasing since 2000, and it grew faster than the GDP (see Figure 1b) . The fast-growing emission of waste gas and its emission accumulation may be the main source of air pollution, which helps to explain why many cities in China have experienced severe haze in recent years. Although much progress has been achieved in the emission abatement of COD, the emissions of unregulated pollutants such as waste gas are still rising, which should be paid more attention. All of these findings indicate that the severity of different pollutants covers a wide range, and then the empirical results based on them may be different.
(a) (b) Figure 1 . Change in emission volume of pollutants. Notes: We set the emission scale in 2000 equivalent to 100. Table 2 reports the average PI computed with different pollutants respectively each year. For the sake of comparing and analyzing conveniently, we also set the PI in 2000 equivalent to 100. Figure 2 sketches the change in PI calculated by using the four pollutants respectively in the period of 2000-2013. The results indicate that most PIs have been reduced substantially except that of waste gas (Gas_GDP). Specifically, the PI of Gas_GDP has increased to approximately 130, which indicates that the environmental costs of economic growth have increased from this perspective. However, others have been reduced to less than 40 in 2013, which provides indications of the lower environmental costs of economic growth from these pollutants' perspective. If one merely considers a single kind of pollutant, a full-scale observation may not be reached, which implies related heterogeneity should be taken into account. Table 2 reports the average PI in the eastern and western areas, which enables a comparison between them. The PI of the western area is far worse than that of eastern one in all of the indicators in this study. Table 2 reports the average PI computed with different pollutants respectively each year. For the sake of comparing and analyzing conveniently, we also set the PI in 2000 equivalent to 100. Figure 2 sketches the change in PI calculated by using the four pollutants respectively in the period of 2000-2013. The results indicate that most PIs have been reduced substantially except that of waste gas (Gas_GDP). Specifically, the PI of Gas_GDP has increased to approximately 130, which indicates that the environmental costs of economic growth have increased from this perspective. However, others have been reduced to less than 40 in 2013, which provides indications of the lower environmental costs of economic growth from these pollutants' perspective. If one merely considers a single kind of pollutant, a full-scale observation may not be reached, which implies related heterogeneity should be taken into account. Table 2 reports the average PI in the eastern and western areas, which enables a comparison between them. The PI of the western area is far worse than that of eastern one in all of the indicators in this study. For example, the average emission of SO 2 per capita GDP (SO 2 _GDP) in the western area was 324.881 (116.007) in 2000 (2013), while it was only 105.906 (22.939) in the eastern area in 2000 (2013). This result implies that the western area overpaid the environmental costs about three times (five times) the size of the eastern area in 2000 (2013). Moreover, the gap between the two areas is enlarged, although their average emission intensities are both reduced. Similar evidence could be found in the cases of COD_GDP and Gas_GDP, etc. Table 3 displays the variation of the environmental regulation variables. The average number of local environmental bylaws and rules (Sum_rule) continued to rise from 2000 to 2013, and increased from approximately 23 in 2000 to 61 in 2013. However, the number of staff in the environmental protection departments per industrial firm above the designated size (Regulator_perfirm) remained relatively stable in this period, of which the average value was about one in most years. The average investment in the treatment of industrial pollution per capita industrial output (Inves_output) went down from 0.39% in 2000 to 0.13% in 2013, although, in fact, the scale of investment increased during this period. The above results indicate that local governments have made progress in legislation for environmental protection; however, the invested capital aimed at protecting the environment did not keep up with the GDP growth. Compared with the western area, the eastern area shows higher scale in the variable of Sum_rule, which indicates more stringent regulation in these regions. However, the cases of the other two variables are complicated to some extent. The result indicates that the western area has more environmental human resources per firm than the eastern area, which could lead to more stringent regulation in the west. However, we should realize the reason behind it is that the number of firms is relatively small in the west. Similarly, although the Inves_output of the western area is relatively high, its abstract amount of investment in the treatment of industrial pollution is far smaller than that of the eastern area. 
Econometric Analysis
Results of Full Samples
Proper Econometric Models
Firstly we investigate the spatial interdependence of PI with the two standard spatial auto-correlation tests of Moran's I [64] and Geary's C [65] . In the interest of brevity, Table 4 summarizes the results in 2013. Moran's I statistic shows that the variables (SO 2 _GDP and COD _GDP) are spatially auto-correlated at the 10% statistical significance level. Geary's C shows similar results, indicating the necessity of using the spatial econometric models for the empirical analysis. To get robust results, we carry out further test procedures for all dependents. We perform the Lagrange multiplier (LM) test and the robust LM test for the null hypothesis of no spatially lagged dependent variable and no spatially correlated error term. For example, when using the natural log transformation of SO 2 _GDP as the dependent variable, the LM test results reject the null hypothesis of no spatial lag and no error dependence, indicating that the spatial Durbin model (SDM) specification should be tested. However, the SDM is a general spatial model, which can be interpreted as a spatial autoregressive model (SAR) or a spatial error model (SEM), and we further perform the Wald test to determine the appropriate model (see details in Appendix). The Wald test of the spatial lag and spatial error indicates that both SAR and SEM are rejected, implying that the general SDM is the most proper model to describe the data [66] . Moreover, we execute the Hausman test to make a choice between the fixed and the random effects model and find that random effects should be considered in most cases of our study.
Strategic Interaction: RBD or RGD
Note that if the RBD argument is the case, it can be inferred that ρ should be positive and the PI should increase, indicating higher environmental costs. However, if the RGD is the case, ρ should also be positive, while the PI should decrease. Otherwise, if the regions perform different strategies and lack competition, ρ should be negative or statistically insignificant. The above logic enables us to observe the regional interactions and examine the proposed hypotheses. The primary interest of this paper is the spatial autoregressive coefficient ρ, which reveals the strategic interaction of samples. As shown in Table 5 , the coefficients (ρ) in all models are significantly negative, which implies that the samples perform differentiation strategies. In sum, the RBD hypothesis is not supported at the national level, which is in line with the predictions from our theoretical analysis. Moreover, the RGD hypothesis is also not supported in the observation period of 2000-2013 at the national level.
Direct Effects of Environmental Regulation and Control Variables
The empirical studies relying on the simple spatial regression estimation (which is called point estimation by LeSage and Pace [33] ) may lead to biased conclusions because they do not represent the marginal effect of a certain change in an independent variable [33, 64] . LeSage and Pace suggested that a more appropriate way should be taken through direct, indirect, and total effects. The direct effects gauge the impact that a certain variation in an independent variable has on the dependent variable of a sample. The indirect effects examine the impact of a change in the independent variables of other provinces on the dependent variable of a certain province, and they are also known as spatial spillover effects. The total effects are the combination of direct effects and indirect effects [67] . Previous literature [67, 68] provided the corresponding statistical test. The statistical significance of the direct and indirect effects is obtained by simulating the distribution using the variance-covariance matrix implied by the maximum likelihood estimated coefficients. Notes: 1. ***, ** or * denotes significance at the level of 1%, 5% or 10%, respectively. The t-values of coefficients are reported in the parentheses; 2. Considering the endogeneity between regulation intensity variables and the pollution intensity, as well as the time-lag effects of environmental regulation, we use a one-year lag of all the regulation intensity variables; 3. "ln_" indicates the form of the variables after a natural log transformation; 4. According to the Hausman test, the reported models (1)-(4) are random effects models, so the year and provincial fixed effects are not reported. Table 5 summarizes the estimation results of the direct, indirect and total effects of regulation intensity variables and other control variables. We report the direct effects in a simple way based on Panel A. It shows that Sum_rule (in natural logarithm transformation with a one-year lag) is significantly and negatively associated with the PIs of SO 2 , suggesting that the higher number of local environmental bylaws and rules may help to decrease the PIs of SO 2 . However, it is not the case for the model using Gas_GDP (Model (4) in Table 5 ) as the dependent variable. As a whole, the above results indicate that environmental legislation is effective in reducing PI, i.e., curtailing the environmental costs, especially in the cases of regulated pollutants.
Regarding other environmental regulation variables, i.e., Regulator_perfirm and Inves_output, we have a surprising finding: No evidence supports the effectiveness of the environmental staff and the invested capital for the reduction of environmental costs. Among all models, the coefficients of Regulator_perfirm (in natural log form with a one-year lag) in most cases are significantly positive, except for Gas_GDP (see Table 5 ). We also perform the estimation only using Regulator_perfirm as the regulation variable and find that the results are robust. The comparison between western and eastern areas may help us understand the above counterintuitive results. The PI of the western area is higher (see Table 2 ) than that of the eastern area, and Regulator_perfirm in the western area is also relatively high (see Tables 2 and 3) , which leads to a positive correlation between the two variables. However, this result implies that the higher input of environmental human resources does not lead to a lower PI, although it is intuitive that higher Regulator_perfirm may help to reduce pollutant emissions. The result is meaningful for policymakers with the implication that increasing the number of environmental staff blindly may not be an effective strategy. Further measures should be taken to avoid overstaffing the environmental protection departments in the western area. We have similar findings for the variable of Inves_output (with a one-year lag), the coefficients of which are insignificant in most models, such as the model with SO 2 _GDP, although the coefficient is significant in the case of COD_GDP. The results are also understandable based on the fact that the Inves_output and PI of the western area are higher than those of the eastern area. Higher environmental capital investment does not lead to a lower PI, implying that environmental capital investment is inefficient in the western area of China.
The observation of the other variables may provide some evidence on the driving forces of PI. The S_college is significantly and negatively associated with PI in the models with Water_GDP or Gas_GDP, suggesting that informal regulation plays a positive role in environmental protection. The coefficients of L are significantly negative in the models with COD_GDP or Gas_GDP, indicating that the scale effect works for only two pollutants, i.e., COD and waste gas. The GDPSK is insignificantly associated with PI in all models, implying a weak connection between the intensity of economic activity and PI.
In regard to the technique effect, we find that the coefficients of Engery_GDP are significantly positive in all models. Note that a lower Engery_GDP is better, so the results indicate that higher energy efficiency will lead to better environmental performance.
While the results of the composition effects are mixed, the coefficients of S_HI are significantly negative in some models, such as those with COD_GDP or SO 2 _GDP, and they are insignificant in the other models. This result seems somewhat surprising and counterintuitive because the results indicate that a high share of heavy industrial output in total industrial output may be associated with a lower PI in terms of COD and SO 2 . However, this behavior is understandable for two reasons: The first one is related to the environment-economic indicator, i.e., the PI we used as the dependent variable. Although heavy industry causes a lot of pollution, it is also currently a major source of GDP in China, which means that both the numerator and denominator of the PI may be high. Therefore, the PI may not be high, which results in the outcome that a large share of heavy industrial output may not lead to a high PI. The second reason is that those pollutants mainly generated by heavy industry have obligatory emission reduction targets, which means that governments have to exert stringent environmental standards on them. The combination of these two reasons may cause the result of PI being negative with the variable (S_HI).
The coefficients of S_SOE are also negative in some models such as those with SO 2 _GDP or Gas_GDP, hinting that SOEs are positive with pollutant abatement. Because SOEs are nationally owned in China, the country will pay for the costs of environmental governance. The managers of SOEs will gain political records by better performance of environmental governance, and they do not pay for it. Therefore, managers are motivated to invest in the environment and execute stringent environmental standards to reduce pollution. The SOEs may have less negative environmental impact than private firms or others, which causes the phenomenon that the higher the proportion of SOE in a region, the lower the PI may be.
However, it is interesting that the role of K_L is two-sided and depends on whether the pollutants are constrained by emission reduction targets. The coefficients are significantly negative in the models using regulated pollutant variables (SO 2 _GDP and COD_GDP) as the dependent variables separately, while they are insignificantly negative in the models with unregulated ones (Water_GDP and Gas_GDP).
Moreover, S_coal is positively associated with the PI in most models except the model using Water_GDP as the dependent variable, which supports the consensus that coal consumption is one of the most predominant sources of severe pollution problems in China. In the end, the coefficients of Open are insignificant, indicating that the regional openness has little influence on the PI.
In short, we find strong evidence that technical progress in energy utilization and endowment structure are the important driving forces to lower environmental costs in terms of most pollutants. We also find that the informal environmental regulation, scale effects, economic agglomeration and property right structure have positive effects on the decrease of the PI of some pollutants. In addition, the effectiveness of environmental regulation variables relies on the variety of the pollutants, which implies that the heterogeneity related to pollutant emission regulation does matter to some extent.
Spillover Effects and Total Effects of Environmental Regulation
Panel B of Table 5 reports the estimation results of the spillover effects. We focus on the spillover effects of the regulation intensity variables. The coefficients of Sum_rule are significantly positive in the models using Water_GDP or Gas_GDP as the dependent, which indicates that the local PI is negatively influenced by environmental legislation of adjacent regions, especially for those related to regulated pollutants. The coefficients of Regulator_perfirm are significantly negative only in the model with Water_GDP and significantly positive in the model with Gas_GDP. It implies that the large scale of input on the environmental human resources in the contiguous regions may lead to a low PI of waste water in the local region, while it is the opposite for the PI of waste gas. In addition, the coefficients of Inves_output are significantly negative in most models except the model with SO 2 _GDP, which indicates that environmental investment in the adjacent regions may help to lower the PIs of COD, waste water and waste gas in the local region. The above results reveal that the input of neighboring regions on the environmental capital investment shows effective spillover effects in reducing the PI of the local region. In all, the spillover effects also rely on the types of environmental intensity variables and the pollutants observed in the models.
With respect to the total effects, we have mixed findings (see Panel C of Table 5 ). The coefficient of Sum_rule is significantly negative in the model with SO 2 _GDP, while it is significantly positive in the model using Gas_GDP as the dependent. The results indicate that the environmental legislation exerts a positive influence on the PI of regulated pollutants, such as SO 2 . The coefficients of Regulator_perfirm are significantly positive in most models, such as those with the SO 2 _GDP or COD_GDP, indicating the overstaffing of environmental human resources. In addition, the total effects of Inves_output are significantly negative in the models with COD_GDP or Gas_GDP, which shows that it helps to lower the PI in terms of total effects. The above results indicate that the environmental protection institutions and the capital invested for environmental protection are more effective in reducing PI, while the input in environmental human resources is inefficient.
Results of Subsamples: Different Areas
We divide the samples into three groups according to the geographic location. The first one lies in the west of China and includes 11 provincial units, while the second lies in the east and includes 11 provincial units. Another one with only 8 provinces refers to the central area of China. The western regions are undeveloped, while the eastern regions are relatively developed. In addition, the economic development level of the central ones is between those of the former two. The western and eastern groups provide us with good samples to test for the existence of RBD or RGD. We carry out test procedures and find that the SDM is the most proper one. Table 6 reports the spatial autoregressive coefficient ρ in the western area and the eastern area (see details of the models in Appendix). For the western area, ρ is significantly negative in most models except the model using Gas_GDP as the dependent (the ρ of which is insignificantly negative), indicating that the samples perform differentiation strategies. This finding does not support the conjecture that undeveloped regions are inclined to the RBD. Notes: ***, ** or * denotes significance at the level of 1%, 5% or 10%, respectively. "ln_" indicates the form of the variables after a natural log transformation.
For the eastern area, ρ is significantly positive in the models with SO 2 _GDP or COD_GDP, indicating that the samples perform similar strategies in regional competition. Combined with the decreasing PIs of the three pollutants shown in Table 2 , there is some evidence to support the RGD hypothesis in the east of China. However, China's central government set up targets on the abatement of the SO 2 and COD, i.e., respectively 10% decrease of those two pollutants in 2010 compared with the scale in 2005. The targets were assigned to provincial units, which could bring top-down pressure to the samples. On the one hand, the competition among regions and the desire for environmental protection will bring bottom-up pressure to the local governments, which should be a source of RGD. However, on the other hand, if the decrease in emissions is dominated by top-down pressure, i.e., mandatory orders from the central government, similar strategies taken by the eastern provinces would no longer show enough evidence to support RGD. To figure out this issue, we compute the growth rate of the emission volumes of the three pollutants (see Table 7 ) since 2005. The average annual growth rates of SO 2 and COD in the eastern area are´2.0% and´4.7%, respectively, since 2005, and their cumulative growth rates are´21.8% and´26.2% during the period of 2006-2010. The cumulative decrement rates of emissions are far more than the assigned targets (10%), which implies that there is an abatement competition on some related pollutants in the eastern area. This finding also provides stronger evidence to support the RGD argument in the developed regions, as proposed in the theoretical analysis. However, it is worth noting that ρ is insignificant in the models with unregulated pollutants, such as waste water or waste gas, implying that the RGD argument is not supported in those cases. Therefore, we may conclude that the achievement in the emission abatement of the eastern provinces is associated with both the top-down pressure from the central government and the competition pressure from adjacent regions. Therefore, the adjacent competition mechanism has proven to be effective in such cases.
To check the robustness of our findings, this paper performs two tests as follows. First, we use a two-year lag of environmental regulation variables in robustness tests instead of a one-year lag. We find that the regression results are essentially in agreement with those that have been reported in previous sections (the results of the robustness tests are not reported due to space limitations but are available upon request). Second, we replace the adjacent weights matrix with the inverse distance weights matrix. Basically, it shows that the results in the previous sections are robust. Our result is consistent with LeSage and Pace [34] and indicates the specification of the spatial weights matrix should have no effect on the effects estimates.
Conclusions
In contrast to previous studies that focused on either environmental or economic enforcement in regional competition, this paper focuses on the results of competition in a comprehensive way. Using an environment-economic indicator, we study how the interaction of regions influences the balance of economic growth and environmental protection in China based on the proposed RBD and RGD hypotheses. Noticing that the empirical results of arguments regarding the RBD or RGD in China may rely on the heterogeneity of pollutants and regions, we differentiate two types of industrial pollutants and test the hypotheses. Our results contribute to the literature in three ways. First, the RBD is not the case at the national level, and provincial governments do perform different strategies for environmental protection in China. We suggest that this result should be due to the heterogeneity among regions in the largest developing country. Second, the RGD hypothesis is supported in the eastern area; however, this result is only the case for pollutants with obligatory emission reduction targets, such as SO 2 and COD. The results imply that the selective competition mechanism has been established in China. In the end, we cast new light on the driving forces of environmental costs. Although, on average, the national PI has decreased and environmental performance has improved, we find that some methods of environmental regulation have contributed little to these achievements. In particular, the current environmental staff and capital investment for environmental protection do not lead to better environmental performance. Only increasing environmental legislation has been effective in reducing PI, especially for pollutants with obligatory reduction targets.
The previously mentioned empirical results offer some implications for policymakers. The existence of the RGD may lead to better balance of environment and economy. However, in China, it is the case only for pollutants with obligatory emission reduction targets in the developed eastern regions, which implies that top-down pressure from the central government is necessary right now. To achieve quick improvements in environmental protection, a combination of top-down pressure from the central government and bottom-up pressure from adjacent competitors may be a more effective approach. On the other hand, more attention should be paid to the pollutants whose emission volumes have been growing fast in recent years, such as waste gas. The control of toxic components such as SO 2 does not guarantee that the emissions of all toxic components will be reduced. Therefore, establishing obligatory abatement targets for pollutants such as waste gas and waste water should be considered. The effectiveness of environmental regulation should also be reexamined. We find that Chinese regional environmental staff and capital investment have not exerted powerful effects in environmental protection thus far, which implies a low efficiency of human resources and capital investment in China. However, this also implies that the potential of these two inputs could be more fully explored for pollutant abatement.
As stated in our analysis, the concepts of green and black development incorporate economic and environmental elements. Therefore, future research with a more systematic analysis of RBD or RGD is warranted as it might be inadequate just from the perspective of pollution intensity in this paper. Furthermore, a data-driven approach proposed by Piribauer [69] to treat structural heterogeneity in spatial autoregressive models could be considered as a future extension of the research. In the end, to provide more robust and fruitful results, city-level data and other environmental regulation variables should be examined in further studies.
A1. The Determinants of Environmental Costs of Economic Growth
We suppose that the economic production takes the Cob-Douglas production function as follows:
where Y is the economic output of a region; K and L represent capital stock and labor employed, respectively; A is the total factor productivity; α and δ are related coefficients. As analyzed in Subsection 3.2.2, the pollutant emission is a function of the scale effect (SE), the technique effect (TE), the composition effect (CE) and environmental regulation (ER). Therefore, we have:
E " e pER, SE, TE, CE, ∅q
where φ refers to other determinants. Combining Equations (A1) and (A2), we have:
Supposing the function of E takes the form of the log-linear model, we have:
lnpPIq " β 1 lnpERq`β 2 lnpSEq`β 3 lnpTEq`β 4 lnpCEq´lnpAq´αlnpK{Lq´pα`δqlnpLq`ε " β 0`β1 lnpERq`β 2 lnpSEq`β 3 lnpTEq`β 4 lnpCEq`β 5 lnpLq`β 6 lnpK{Lq`ε (A4)
where β k (k = 1, 2, . . . , 6) are the coefficients, and β 0 "´ln pAq, β 5 "´pα`δq, β 6 "´α. We regard L (labor) as a measure of the scale effect, while K/L (capital-labor ratio) is a measure of the composition effect. Then the variables of the determinants can be written as follows:
βX it " β 1 ln pER it q`β 2 ln pSE it q`β 3 ln pTE it q`β 4 ln pCE it q (A5)
A2. Spatial Econometric Models and the Specification Test
To observe the spatial interaction effects of the economic phenomenon, many methods were suggested in previous literature. Among them, Moran's I [64] and Geary's C [65] are widely used. If the key variable is spatially auto-correlated significantly, further tests should be taken for choosing proper econometric models. To a space-time model with a panel of N observations over T time periods, the panel form of the general nesting spatial model (GNS) with spatial specific and time-period specific effects is as follows [32, 33] :
where α is the constant term and ρ is the spatial autoregressive coefficient, while θ, β and λ represent fixed but unknown parameters; λ is the coefficient of the spatial error term; w ij denotes the weight describing the spatial arrangement of the samples. This paper uses the spatial adjacent matrix, i.e., w ij " 1, if two provinces share a common border and zero otherwise. Then the spatial weights matrix W is row-stochastic and the row-sums of W equal unity. S i is regional fixed effects and u t is time fixed effects, while ε it is the error term. The most frequently used panel models are the special cases of GNS. When λ " 0 and ρ, θ ‰ 0, GNS turns to the spatial Durbin model (SDM). When ρ " 0 and λ, θ ‰ 0, the model turns to the spatial Durbin error model (SDEM). When λ, θ " 0 and ρ ‰ 0, the model takes the form of the spatial autoregressive model (SAR). When λ " 0, ρ ‰ 0 and θ "´ρβ, the model turns to the spatial error model (SEM). When λ, ρ " 0 and θ ‰ 0, it turns to the spatial lag of X model (SLX). In the end, when λ, ρ, θ " 0, the model turns to the general panel model without spatial interaction effects as follows:
The final selected form of model is determined by a series of statistical tests using the data of the empirical study as follows.
According to Florax et al. [70] , Mur and Angula [71] and Elhorst [66] , we adopt the following test procedure to figure out the most proper model to describe the quantitative relationship among data.
(i) Estimate the panel model without spatial interaction effects (Equation (A8)). We use the classic LM test proposed by Anselin [32] , as well as the robust LM test proposed by Anselin et al. [72] , to verify the existence of spatial error effect (LM E ) or spatial lag effect (LM L ), and then turn to step (ii) if the results reject the hypothesis H 0 that assumes the absence of spatial interaction effects; otherwise, turn to step (iii). (ii) Estimate the panel SDM model (Equation (A6)). We test hypotheses H 1 0 : θ " 0 and H 2 0 : θ "´ρβ. If hypothesis H 0 in step (i) is rejected and both these two hypotheses are also rejected, then the SDM is the most suitable method to characterize the data. If hypothesis H 0 of LM L and hypothesis H 1 0 : θ " 0 cannot be rejected, then the spatial autoregressive model is the most proper method to describe the data. If hypothesis H 0 of LM E and hypothesis H 2 0 : θ "´ρβ cannot be rejected, then the spatial error model is the most appropriate. In addition to the above three kinds of possibilities, SDM should be adopted to get robust results. (iii) Estimate the SLX model, i.e., add the term θ ř N j"1,i‰j w ij X jt to Equation (A8), and test hypothesis H 0 : θ " 0. If the hypothesis cannot be rejected, then the model without spatial interaction effects is the best. Otherwise, the SLX is the proper one. Notes: We use the natural log transformation for most variables in the estimation except those structural/proportional indicators such as S_coal, S_SOE and S_HI, etc. It shows that there are low correlations among the independent variables. For example, the maximum correlation coefficient is 0.778 between ln_K_L and S_college, which is smaller than 0.8. Therefore, we use all the independent variables at the same time in the empirical estimation. Notes: 1. ***, ** or * denotes significance at the level of 1%, 5% or 10%, respectively. The t-values of coefficients are reported in the parentheses; 2. Considering the endogeneity between regulation intensity variables and the pollution intensity as well as the time-lag effects of environmental regulation, we use a one-year lag of all the regulation intensity variables; 3. "ln_" indicates the form of the variables after a natural log transformation; 4. According to the Hausman test, models (1)- (4) are random effects models, so the year and provincial fixed effects are not reported. Meanwhile the constant term is not reported.
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